
 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2015, Vol. 16, No. 3, Ser. No. 52, Pages 244-248  

244 

The relationship between growth hormone polymorphism and 
growth hormone receptor genes with milk yield and 

reproductive performance in Holstein dairy cows 
 

Hadi, Z.1; Atashi, H.1*; Dadpasand, M.1; Derakhshandeh, A.2 
and Ghahramani Seno, M. M.3 

 
1Department of Animal Science, College of Agriculture, Shiraz University, Shiraz, Iran; 2Department of Pathobiology, School of 
Veterinary Science, Shiraz University, Shiraz, Iran; 3Department of Basic Sciences, Faculty of Veterinary Medicine, Ferdowsi 
University of Mashhad, Mashhad, Iran 
 
*Correspondence: H. Atashi, Department of Animal Science, College of Agriculture, Shiraz University, Shiraz, Iran. E-mail: 
Atashi@shirazu.ac.ir 
 

(Received 18 Dec 2014; revised version 7 Mar 2015; accepted 7 Apr 2015) 
 
Summary 
 

The aim of this study was to investigate the potential association between growth hormone GH/AluI and growth hormone 
receptor GHR/AluI polymorphisms with milk yield and reproductive performances in Holstein dairy cows in Iran. Blood samples of 
150 Holstein cows were collected and their genomic DNA was extracted using Gene-Fanavaran DNA extracting kit. Fragments of 
the 428 bp of exon 5 growth hormone (GH) gene and the 342 bp of exon 10 growth hormone receptor (GHR) gene were amplified 
using the polymerase chain reaction (PCR) method. PCR products were digested by the AluI restriction enzyme and electrophoresed 
on 3% agarose gel. Continuous and categorical data were analyzed using linear mixed models through Proc MIXED and logistic 
regression models through Proc GENMOD of SAS software, respectively. The results showed no relationship between the examined 
traits and GH/AluI or GHR/AluI genes. A significant relationship was found between GH/AluI polymorphism and dystocia, but the 
presence of the GH-L allele reduced the incidence of dystocia. The results suggest that the GH-LL genotype reduces dystocia 
probably by affecting the release of growth hormone; nevertheless, further studies will be needed to examine the relationship 
between dystocia and GH genotypes. 
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Introduction 
 

Growth hormone (GH), also known as somatotropin, 
is a peptide hormone of about 190 amino acids that is 
synthesized and secreted by cells known as somatotrophs 
in the anterior pituitary (Hediger et al., 1990). This 
hormone is a major regulator of postnatal growth and 
metabolism in mammals and plays critical roles in the 
control of lactation, mammary gland development, 
growth processes, and fertility in cows (Renaville et al., 
2002; Lucy, 2008). Previous research shows a significant 
relationship between polymorphisms in the bovine 
growth hormone (bGH) gene and lactation performance 
(Ge et al., 2003; Zhou et al., 2005; Mullen et al., 2010). 
Bovine GH is a single-chain polypeptide of 
approximately 22 kDa, composed of 190 or 191 amino 
acids, located on chromosome 19 (Hediger et al., 1990). 
It consists of five exons separated by four introns 
(Gordon et al., 1983). 

Several authors have identified polymorphisms in the 
promoter, third and fourth introns, and the fifth exon of 
bovine GH (Lucy et al., 1993; Yao et al., 1996; Ge et al., 
2003). Lucy et al. (1993) reported that a substitution of 
cytosine (C) to guanine (G) at position 2141 caused an 
amino acid change from leucine to valine at residue 127 
of the GH polypeptide. The GH exerts its effects on 
growth and metabolism by interacting with a specific 

receptor (GHR) on the surface of the target cells. 
Consequently, changes in the functional regions of the 
GHR affect its binding capacity and signaling pathway, 
and result in the alteration of GH activity in the target 
tissues (Olenski et al., 2010). One polymorphism has 
been described in the bovine GHR promoter region, and 
at least four single nucleotide polymorphisms (SNP) 
have been found in its exon 10, coding for the 
cytoplasmic domain of GHR. The SNPs are located at 
positions 76 (T/C), 200 (G/A), 229 (T/C) and 257 (A/G) 
(Ge et al., 1999; Ge et al., 2000). The SNPs at positions 
200 and 257 induce amino acid substitutions, alanine to 
threonine and serine to glycine, respectively, whereas the 
other two are synonymous mutations. 

The aim of this study was to investigate the potential 
relationship between GH/AluI and GHR/AluI poly-
morphisms and milk yield and reproductive 
performances in Holstein dairy cows in Iran. 
 
Materials and Methods 
 

The study was carried out on 150 Holstein dairy cows 
reared in two herds located in Fars province, Iran. The 
herds were purebred Holsteins, medium in size, each 
consisting of about 450 male and female calves, heifers 
and cows. The herds were managed under conditions 
similar to those of most developed countries, and were 



 
Iranian Journal of Veterinary Research, Shiraz University  

 

IJVR, 2015, Vol. 16, No. 3, Ser. No. 52, Pages 244-248 

245 

under official performance and pedigree recording. The 
diet was fed as a TMR and consisted of corn silage, 
alfalfa hay, barley grain, fat powder, beet pulp, soybean 
meal, and feed additives. Monthly milk recording was 
performed by trained technicians of the Iranian Animal 
Breeding Center, according to the guidelines of the 
International Committee for Animal Recording (ICAR, 
2011). 

Genomic DNA was extracted from fresh blood 
samples using commercially available DNA extraction 
kits (Gene-Fanavaran Co., Tehran, Iran), whose quality 
was assessed using a spectrophotometer. Samples with 
an optical density (OD) ratio (260 nm/280 nm) between 
1.7 and 1.9 were used for the PCR process (n = 130). 

PCR amplification was performed to obtain the 428-
bp fragment of the GH gene with forward (5´-CCG TGT 
CTA TGA GAA GC-3´) and reverse (5´-GTT CTT GAG 
CAG CGC GT-3´) primers (Lucy et al., 1993). The PCR 
was carried out in a final volume of 25 µL reaction 
mixture containing 60 ng DNA, 2.5 µL 10 X PCR assay 
buffer, 200 µM of each dNTP, 1 unit Taq DNA 
polymerase (MBI Fermentas, Germany), 0.40 µM of 
each primer and 1.2 mM MgCl2. Thermal cycling 
conditions included an initial denaturation step at 94°C 
for10 min followed by 30 cycles of 94°C for 30 s, 56°C 
for 60 s, 72°C for 35 s and a final extension at 72°C for 
10 min. 

In order to obtain a 342-bp fragment of the GHR 
gene, forward (5´-GCT AAC TTC ATC GTG GAC 
AAC-3´) and reverse primers (5´-CTA TGG CAT GAT 
TTT GTT CAG-3´) suggested by Di Stasio et al. (2005) 
were used. PCR was carried out in a final volume of 25 
µL reaction mixture containing 60ng DNA, 2.5 µL 10 X 
PCR assay buffer, 200 µM of each dNTP, 1 unit Taq 
DNA polymerase (MBI Fermentas, Germany), 0.55 µM 
of each primer and 2 mM MgCl2. Thermal cycling 
conditions included an initial denaturation step at 94°C 
for 5 min followed by 35 cycles of 94°C for 45 s, 50°C 
for 30 s, 72°C for 50 s and a final extension at 72°C for 
10 min. 

PCR tubes were kept in a pre-programmed 
thermocycler (Eppendorf AG Master cycler Gradient, 
USA) for amplification. For both genes, a volume of 20 
μL of PCR product was digested with 5 units of the AluI 
restriction enzyme (Metabion, Germany) and 10 X assay 
buffer at 37°C overnight. The digested product was 
separated on a 3% agarose gel at 70 V for 1.5 h, stained 
with ethidium bromide and visualized under UV light. 

The relationship between the SNPs and continuous 
performance traits (e.g. milk yield, calving interval, days 
open, number of inseminations per conception, and days 
to first service) was quantified using multiple regression 
mixed models through Proc MIXED in SAS (1999) 
using the following statistical model: 
 

ijlela)ijlFCA(1bkgjpihysijly   
 

where 
yijl: Dependent variable on lth animal, at jth parity belonging to 
the ith combination of herd-year-season of calving 
µ: Overall mean 

hysi: The fixed effect of the ith combination of herd-year-season 
of calving 
pj: The fixed effect of the jth parity 
gk: The fixed effect of the kth SNP genotype 
b1: Regression coefficient of the dependent variable on age at 
first calving 
FCAijl: The covariate effect of first calving age 
al: The random effect of the lth animal 
eijl: Residual of the model with a mean of 0 and a normal 
distribution 
The relationship between the SNPs and categorical 
performance traits (e.g. birth number, stillbirth, dystocia) 
was quantified using multivariable logistic regression 
models through the maximum likelihood method of Proc 
GENMOD in SAS (1999) using the following statistical 
model: 
 

ijklens)ijklFCA(1bmglpksjyihijkly 
 

where; 

yijkl: Dependent categorical variable expressed as ( )
p-1

p
(ln ) 

when; 
p: The probability of twin birth, stillbirth or difficult calving 
The dependent variables were birth number (0 for single 
and 1 for double), stillbirth (0 for livebirth and 1 for 
stillbirth), and dystocia (0 for easy calving and 1 for 
difficult calving). Independent variables were herd, 
calving year, calving season, parity, FCA, and random 
effect of service sire. To analyze stillbirth and dystocia, 
the effect of calf sex was included in the model as a fixed 
effect. Reference categories used to compare odds ratios 
for each effect were spring, primiparous, male, and 
genotype GH-LL and GHR-AA, respectively. For each 
trait, 452 records on 130 cows in two herds were used in 
the association analysis and p-values less than 0.05 were 
considered as significant. 
 
Results 
 

The following DNA restriction fragments were 
obtained for the GH/AluI polymorphism (Fig. 1): 265, 
147 and 16 bp for the GH-VV genotype, 265, 96, 51, and 
16 bp for the GH-LL genotype, 265, 147, 96, 51 and 16 
bp for the GH-LV genotype (16 bp was not found in the 
gel). Frequencies of the GH-LL, GH-LV and GH-VV 
genotypes were 39, 61 and 0%, and the GH-L allele had 
a higher frequency (69%) than the GH-V allele (31%). 
The following DNA restriction fragments were obtained 
for the GHR/AluI polymorphism (Fig. 2): 191 and 151 bp 
for the GHR-GG genotype, 191, 151, 101, and 50 for the 
GHR-AG genotype, 191, 101, and 50 bp for the GHR-AA 
genotype. Frequencies of the GHR-AA, GHR-AG and 
GHR-GG genotypes were 30, 70 and 0%, and the GHR-A 
had higher frequency (64%) than GHR-G allele (36%). 
The results of the statistical analyses showed no 
relationship between the examined traits and GH/AluI or 
GHR/AluI genes (Tables 1 and 2). A significant 
relationship was found between the GH/AluI gene and 
dystocia, whereas the presence of GH-L allele reduced 
the incidence of dystocia (Table 2). 
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Table 1: Least squares means (±SE) of calving interval, days open, first postpartum estrus, milk yield, and number of inseminations 
for GH/AluI and GHR/AluI genotypes 

Gene Genotypes CI (day) Days open (day) The first postpartum estrus (day) Milk yield (kg) Number of inseminations 

LL 433 ± 14a 152 ± 18a 91 ± 27a 9317 ± 542a 3 ± 0.3a GH/AluI 
LV 

 
427 ± 14a 136 ± 17a 94 ± 27a 8979 ± 518a 3 ± 0.3a 

GHR/AluI AA 422 ± 15a 142 ± 19a 95 ± 27a 8932 ± 555a 2.7 ± 0.4a 
 AG 434 ± 15a 144 ± 17a 90 ± 27a 9142 ± 519a 2.8 ± 0.4a 

Different letters indicate significant differences (P<0.05) within columns for each gene 
 
Table 2: Relationship between the GH/AluI and GHR/AluI polymorphism genotypes and categorical traits (Odds ratio ± (95% 
confidence interval)) 

Locus Dystocia Stillbirth Birth-number 

GH/AluI         0.44 ± (0.2-0.98)*         0.46 ± (0.1-1.99)ns 0.26 ± (0.05-1.28)ns 
GHR/AluI         1.67 ± (0.69-4.06)ns         1.28 ± (0.25-6.58)ns 0.84 ± (0.19-3.78)ns 

* Significant at P<0.05. ns Not significant P≥0.05 
 

 
 

Fig. 1: PCR-RFLP patterns of the bovine growth hormen exon 
5 digestd with AluI restriction enzyem (PCR product size = 428 
bp) 
 
Discussion 
 

Frequencies of the GH-LL, GH-LV and GH-VV 
genotypes were 39, 61 and 0%, and the GH-L allele had 
higher frequency (69%) than GH-V allele (31%). Lucy et 
al. (1993) demonstrated that dairy cow breeds with the 
largest mature size (e.g. Holstein) had a higher GH-L 
allele frequency, whereas dairy cattle with a smaller 
mature size (e.g. Jersey) had a higher GH-V allele. Dario 
et al. (2008) reported the frequencies of GH-LL, GH-LV 
and GH-VV genotypes to be 22, 61 and 17%, 
respectively. Balogh et al. (2009) reported the 
frequencies of GH-LL, GH-LV and GH-VV genotypes to 
be 83, 17 and 0%, respectively. 

 
 

Fig. 2: PCR-RFLP patterns of bovine growth hormone receptor 
exon 10 digested with AluI restriction enzyem (PCR product 
size = 342 bp) 
 

Frequencies of the GHR-AA, GHR-AG and GHR-GG 
genotypes were 30, 70 and 0%, and the GHR-A had 
higher frequency (64%) than GHR-G allele (36%). Di 
Stasio et al. (2005) reported the frequencies of GHR-AA, 
GH-AG and GH-GG genotypes to be 24, 50 and 26%, 
respectively. Kovacs et al. (2006) reported the 
frequencies of GHR-AA, GH-AG and GH-GG genotypes 
to be 78, 20 and 2%, respectively. Hradecka et al. (2008) 
reported the frequencies of GHR-AA, GH-AG and GH-
GG genotypes to be 91, 7 and 2%, respectively. 

The results of the statistical analyses showed no 
relationship between the examined traits with the 
GH/AluI or GHR/AluI genes. Several other researches 
have also investigated the association between GH/AluI 
and GHR/AluI with lactation and reproductive 
performance in Holstein dairy cows and come up with 
very inconsistent results (Lucy et al., 1993; Lee et al., 
1996; Shariflou et al., 2000; Dybus, 2002; Sørensen et 
al., 2002; Kovacs et al., 2006; Balogh et al., 2009; 
Olenski et al., 2010). Similar to the present work, many 
studies showed no association between GH/AluI 
polymorphism and estimated breeding value for milk 
(EBV-Milk), releasing of GH and days to first service 
(Lee et al., 1996; Sørensen et al., 2002; Balogh et al., 
2009). In contrast to the present study, other researchers 
reported relationships between GH/AluI and milk yield, 
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and the GH-L allele and higher milk yield in Holstein 
dairy cows (Lucy et al., 1993; Shariflou et al., 2000; 
Dybus, 2002). Varvio et al. (2008) reported no 
significant relationship between milk yield and its 
composition and GHR/AluI polymorphism. Kovacs et al. 
(2006) reported no relationship between GHR-AluI 
polymorphism and reproductive measures such as first 
calving age or calving interval. On the other hand, 
several studies including Di Stasio et al., (2005) and 
Olenski et al. (2010) have reported relationships between 
GHR-AluI polymorphism and meat characteristics and 
lactation performance. In order to explain such 
inconsistencies, multiple genetic and environmental 
factors influencing most quantitative traits in dairy cows, 
including milk yield and reproductive performance must 
be taken into account. As such, alleles associated with 
these traits seem to be less deterministic and more 
probabilistic. In addition, it is important to note that 
genetic associations are not consistently reproducible due 
to the possibility of gene-gene interactions, gene-
environment interactions, weak genetic effect, linkage 
disequilibrium, genetic structures of the examined 
population and sample size. 

The results of the present study indicate a significant 
relationship between the GH/AluI gene and dystocia, 
whereas the presence of the GH-L allele reduced the 
incidence of dystocia. According to Fholenhag et al. 
(1994), growth hormone does not cross the placenta; 
nevertheless, elevated maternal GH concentrations may 
improve nutrient supplies to the gravid uterus by 
inhibiting the lipogenic actions of insulin and increasing 
glucose concentrations in maternal and fetal circulations, 
causing the fetus to become larger in size. Wallace et al. 
(2006) reported fetal weight to elevate in ewes treated by 
bGH at day 130 of gestation. Schlee et al. (1994) showed 
that Holstein cows with the GH-LL genotype released 
more GH than those with GH-LV or GH-VV genotypes. 
The results of the present study suggest that the GH-LL 
genotype can reduce the incidence of dystocia by 
affecting the release of growth hormone. Nevertheless, 
further research is required to explain the relationship 
between dystocia and GH genotypes. 
 
Acknowledgement 
 

This research was supported by the Center of 
Excellence for Studies on Reproduction of High-
Producing Cows, School of Veterinary Science, Shiraz 
University, Iran. 
 
References 
 
Balogh, O; Kovacs, K; Kulcsar, M; Gaspardy, A; Zsolnai, 

A; Katai, L; Pecsi, A; Fesus, L; Butler, WR and 
Huszenicza, G (2009). AluI polymorphism of the bovine 
growth hormone (GH) gene, resumption of ovarian 
cyclicity, milk production and loss of body condition at the 
onset of lactation in dairy cows. Theriogenology. 71: 553-
559. 

Dario, C; Carnicella, D; Ciotola, F; Peretti, V and Bufano, 
G (2008). Polymorphism of growth hormone GH1-AluI in 

Jersey cows and its effect on milk yield and composition. 
Asian-Aust. J. Anim. Sci., 21: 1-5. 

Di Stasio, L; Destefanis, G; Brugiapaglia, A; Albera, A and 
Rolando, A (2005). Polymorphism of the GHR gene in 
cattle and relationships with meat production and quality. 
Anim. Genet., 36: 138-140. 

Dybus, A (2002). Associations between Leu/Val poly-
morphism of growth hormone gene and milk production 
traits in black-and-white cattle. Arch. Tierzucht., 45: 421-
428. 

Fholenhag, KI; Sandstrom, IM; Malmlof, K; Skottner, AI 
and Nyberg, FJ (1994). Human growth hormone does not 
cross the placenta of the pregnant rat. Growth regulat., 4: 
181-187. 

Ge, W; Davis, ME; Hines, HC and Irvin, KM (1999). 
Two‐allelic DGGE polymorphism detected in the promoter 
region of the bovine GHR gene. Anim. Genet., 30: 161-
168. 

Ge, W; Davis, ME; Hines, HC and Irvin, KM (2000). Rapid 
communication: single nucleotide polymorphisms detected 
in exon 10 of the bovine growth hormone receptor gene. J. 
Anim. Sci., 78: 2229-2230. 

Ge, W; Davis, ME; Hines, HC; Irvin, KM and Simmen, 
RCM (2003). Association of single nucleotide poly-
morphisms in the growth hormone and growth hormone 
receptor genes with blood serum insulin-like growth factor 
I concentration and growth traits in Angus cattle. J. Anim. 
Sci., 81: 641-648. 

Gordon, DF; Quick, DP; Erwin, CR; Donelson, JE and 
Maurer, RA (1983). Nucleotide sequence of the bovine 
growth hormone chromosomal gene. Mol. Cell. 
Endocrinol., 33: 81-95. 

Hediger, R; Johnson, SE; Barendse, W; Drinkwater, RD; 
Moore, SS and Hetzel, J (1990). Assignment of the 
growth hormone gene locus to 19q26-qter in cattle and to 
11q25-qter in sheep by in situ hybridization. Genomics. 8: 
171-174. 

Hradecka, E; Citek, J; Panicke, L; Rehout, V and 
Hanusova, L (2008). The relation of GH1, GHR and 
DGAT1 polymorphisms with estimated breeding values for 
milk production traits of German Holstein sires. Czech. J. 
Anim. Sci., 53: 238-245. 

ICAR (International Committee for Animal Recording) 
(2011). Guidelines approved by the General Assembly held 
in Riga on June 2010. Section 2.1, PP: 23-56, in ICAR 
Rules, Standards and Guidelines for Recording Milk and 
Milk Constituents. Accessed Mar., 8, 2013. http://www. 
icar.org/Documents/Rulesand regulations/Guidelines/Guide 
lines_2011.pdf. 

Kovacs, K; Volgyi-Csik, J; Zsolnai, A; Gyorkos, I and 
Fesus, L (2006). Associations between the AluI poly-
morphism of growth hormone gene and production and 
reproduction traits in a Hungarian Holstein-Friesian bull 
dam population. Arch. Tierz. Dummerstorf., 49: 236-249. 

Lee, BK; Lin, GF; Crooker, BA; Murtaugh, MP; Hansen, 
LB and Chester-Jones, H (1996). Association of 
somatotropin (bST) gene polymorphism at the 5th exon 
with selection for milk yield in Holstein cows. Domest. 
Anim. Endocrinol., 13: 373-381. 

Lucy, MC (2008). Functional differences in the growth 
hormone and insulin‐like growth factor axis in cattle and 
pigs: implications for post‐partum nutrition and 
reproduction. Reprod. Domest. Anim., 43: 31-39. 

Lucy, MC; Hauser, S; Eppard, P; Krivi, G; Clark, J; 
Bauman, D and Collier, R (1993). Variants of 
somatotropin in cattle: gene frequencies in major dairy 
breeds and associated milk production. Domest. Anim. 



 
Iranian Journal of Veterinary Research, Shiraz University 

 

IJVR, 2015, Vol. 16, No. 3, Ser. No. 52, Pages 244-248  

248 

Endocrinol., 10: 325-333. 
Mullen, M; Berry, D; Howard, D; Diskin, M; Lynch, C; 

Berkowicz, E; Magee, D; MacHugh, D and Waters, S 
(2010). Associations between novel single nucleotide 
polymorphisms in the Bos taurus growth hormone gene and 
performance traits in Holstein-Friesian dairy cattle. J. Dairy 
Sci., 93: 5959-5969. 

Oleński, K; Suchocki, T and Kamiński, S (2010). 
Inconsistency of associations between growth hormone 
receptor gene polymorphism and milk performance traits in 
polish Holstein-Friesian cows and bulls. Anim. Sci. Pap. 
Rep., 28: 229-234. 

Renaville, R; Hammadi, M and Portetelle, D (2002). Role of 
the somatotropic axis in the mammalian metabolism. 
Domest. Anim. Endocrinol., 23: 351-360. 

SAS (1999). SAS/STAT User’s Guide. Version 8, SAS Institute 
Inc., Cary, NC, USA. 

Schlee, P; Graml, R; Schallenberger, E; Schams, D; 
Rottmann, O; Olbrich-Bludau, A and Pirchner, F 
(1994). Growth hormone and insulin-like growth factor I 
concentrations in bulls of various growth hormone 
genotypes. Theoret. Appl. Genet., 88: 497-500. 

Shariflou, MR; Moran, C and Nicholas, FW (2000). 
Association of the Leu127 variant of the bovine growth 
hormone (bGH) gene with increased yield of milk, fat, and

protein in Australian Holstein-Friesians. Aust. J. Agric. 
Res., 51: 515-522. 

Sørensen, P; Grochowska, R; Holm, L; Henryon, M and 
Løvendahl, P (2002). Polymorphism in the bovine growth 
hormone gene affects endocrine release in dairy calves. J. 
Dairy Sci., 85: 1887-1893. 

Varvio, SL; Iso-Touru, T; Kantanen, J; Viitala, S; Tapio, I; 
Mäki-Tanila, A; Zerabruk, M and Vilkki, J (2008). 
Molecular anatomy of the cytoplasmic domain of bovine 
growth hormone receptor, a quantitative trait locus. P. Roy. 
Soc. B-Biol. Sci., 275: 1525-1534. 

Wallace, JM; Matsuzaki, M; Milne, J and Aitken, R (2006). 
Late but not early gestational maternal growth hormone 
treatment increases fetal adiposity in overnourished 
adolescent sheep. Biol. Reprod., 75: 231-239. 

Yao, J; Aggrey, SE; Zadworny, D; Hayes, JF and Kühnlein, 
U (1996). Sequence variations in the bovine growth 
hormone gene characterized by single-strand conformation 
polymorphism (SSCP) analysis and their association with 
milk production traits in Holsteins. Genetics. 144: 1809-
1816. 

Zhou, GL; Jin, HG; Liu, C; Guo, SL; Zhu, Q and Wu, YH 
(2005). Association of genetic polymorphism in GH gene 
with milk production traits in Beijing Holstein cows. J. 
Biosci., 30: 595-598. 


